Introduction
Investors diversified their portfolios long before the advent of modern portfolio theory (MPT) in the mid-twentieth century. For the UK, there is a consensus in the literature that "the practice of spreading capital among numerous investments was being adopted" at least from the last quarter of the nineteenth century (Cheffins 2010, p. 127; Foreman-Peck and Hannah 2011 , p. 1222 , Kennedy 1987 , with studies even investigating diversification as early as in the aftermath of the Glorious Revolution in the late seventeenth century (Carlos et al. 2015) . The diversification principle is quite simple in its naïve version -put equal amounts in a number of different securities − and its adoption by active investors could thus seem a "natural and inevitable" result (Cole 1935, p. 58) . Pre-MPT approaches to diversification, often framing themselves as "scientific investment" (Jefferys 1977, p. 416) or investment as an "exact science" (Lowenfeld 1907 ) put forward a more sophisticated set of investment rules. By World War I, investors were applying the concept, if not the mathematics, of correlation, and the recommendations made by contemporary advisers were consistent with the recommendations of MPT with respect to portfolio selection strategies (see also Rutterford and Sotiropoulos 2016) .
To date, there has been very limited empirical research into how UK investors attempted portfolio diversification before MPT. Most discussions go no further than simply acknowledging the existence of portfolio diversification by UK investors from the late nineteenth century onwards.
1 Research has been hampered by the lack of data at the micro level, still a critical issue for any study of contemporary financial transactions.
A limited number of studies offer some evidence from early stock exchange security transactions and related asset holdings (portfolios), but without explicitly discussing diversification. For example, Earle has studied the portfolio holdings of 375 middle-class individuals who died between 1665 and 1720 and emphasizes the rising share of investment in government debt and corporate securities during the socalled Financial Revolution of the late seventeenth century (Earle 1989, p. 146) .
Based on death duty records between 1870 and 1902, Green et al. investigated the composition of wealth by age and gender stressing that shares became more important over the life course for both men and women (Green et al. 2009 ). Rutterford et al., looking at 223 share records of 47 companies registered in England and Wales over the period 1870 to 1935, captured the gradual rise of share ownership of male and female investors (Rutterford et al. 2011) .
Early portfolio diversification is explicitly discussed only by Carlos et al. (2015) and Kennedy and Britton (1985) . Carlos et al. compiled a dataset of share ownership for those joint-stock companies whose security prices were listed in the commercial newspaper, the Course of the Exchange. 2 On the basis of their sample, Carlos et al. examined individual portfolio holdings in the 1690s as well as between 1718 and 1723. They found that about 80% of active investors in these equities held shares in just one company: a sign of poor diversification (Carlos et al. 2015, p. 1) . Kennedy and Britton (1985) is probably the only existing study explicitly looking at
Victorian portfolios in Scotland. They examined a sample of 477 financial portfolios from probate records between 1876 and 1913, comparing them with the efficient frontier (for which they used sectoral economic outputs instead of financial returns).
Their discussion does not extend beyond the fact that Scottish individual investors held sub-optimal portfolios; a finding that tallies nicely with Kennedy's argument that biases in Victorian capital markets and poor diversification opportunities hindered financial investment from reaching risky yet dynamic economic sectors (Kennedy and Britton 1986, p. 72; Kennedy 1987, p. 144) .
Perhaps due to a lack of historical information on individual investment decisions at the micro level, systematic empirical research on portfolio holdings appeared only after the 1970s (in other words, after the formulation of MPT and of a special case of MPT, the Capital Asset Pricing Model or CAPM). 3 Blume and Friend (1975) , using US survey data for 1962 and income tax records for 1971, showed that a large number of households held poorly diversified equity portfolios (see also Blume et al. 1974 ). Goetzmann and Kumar (2008) , using 1990s discount brokerage data, found evidence of under-diversified equity portfolios (especially among younger, low-income, less-educated and less-sophisticated investors). Other research based on surveys of consumer finances also reports weak diversification among households in the 2000s (Polkovnichenko 2005; Kelly 1995) .
Apart from Kennedy and Britton (1985) , there are to our knowledge no other studies which use financial portfolio data to explicitly discuss diversification in the late nineteenth century. This period is particularly important. Given the global distribution of capital, diversification was being widely recommended by financial analysts at the time. Also, during this period, international diversification could be achieved with low currency risk given the gold standard regime. In addition, there was an increasing number of limited liability companies in the wake of the 1856 and 1862 Companies Acts, and a growing number of types of domestic and international securities (ordinary shares, preferred shares and fixed interest securities) and sectors listed on both the London Stock Exchange (LSE) and on provincial stock exchanges.
A few studies emphasize the importance of portfolio diversification in the late nineteenth century in the context of financial developments. They attempt to explain some stylized facts in UK financial history on the basis of modern portfolio theory, such as the preference for non-domestic stocks 4 (major outflows of capital from the UK) or the preference for railway stocks (Mitchell et al. 2012) , relying on market returns and sectoral indices, not on actual individual holdings, to argue in a hypothetical fashion that diversification would have had gains had investors chosen to diversify. Edelstein (1982) , for instance, found that foreign holdings earned on average 1.58% risk-adjusted return per annum more than domestic holdings (using an international CAPM model over the period 1870 to 1913). Goetzmann and Ukhov, extending Edelstein's analysis, considered whether investors during this period may have instinctively taken account of the historic correlations (for the period 1870 to risk which is relevant in determining the return. There is no premium for bearing risks that can be eliminated through diversification. 4 See Goetzmann and Ukhov (2006) , Chabot and Kurz (2010) , and Edlinger et al. (2013) . Edelstein's (1982) intervention pioneered this line of thought.
1913) between different asset classes when choosing their portfolio asset allocation. to 1902. This is the first study to investigate the diversification of actual investor portfolios during the second half of the nineteenth century.
The geographic distribution of risk: Naive diversification from the 1870s
Investors are generally assumed to be risk averse; maximizing their expected investment return (generally agreed to be the total of income and capital gain over a particular period) for a given level of risk. Alternatively, they are assumed to be satisfied with the least possible risk relative to the return they seek. The measure most 5 Linking optimal diversification across asset classes to the actual distribution of London Stock Exchange (LSE) officially listed securities is an important contribution to the literature. However, one should be very cautious in the interpretation of the results. Portfolio optimization is highly sensitive to how many asset classes are included in the sample and to the time span used to calculate the average returns, risks and covariances (Black and Litterman 1992, p. 28) . There was also significant foreign ownership in some LSE-listed securities with some loans issued in a number of countries (see Platt 1986, p. 32, p.36) . Finally, to have a complete picture of whether UK capital exports were optimal, we would also need to take into consideration the provincial stock exchanges along with LSE's junior unofficial market (Thomas 1973 , Platt 1986 , Hannah 2015 For an extensive analysis of this point see Rutterford and Sotiropoulos (2016) . 7 Recent empirical research offers evidence that naïve diversification, or alternatively the so-called 1/N rule of portfolio weights (N is the number of different securities), out-performs optimal portfolio strategies. Due to the complexity of financial markets, it seems that the gain from optimal diversification is more than offset by investor estimation errors (DeMiguel 2009). Thus, it appears that recommending a strategy of naïve diversification was a relatively sophisticated approach to improving the return risk trade-off. 8 Chadwicks, Adamson, Collier & Co. (Chadwicks) was a firm of accountants based in Manchester, but also with offices in London (see Thomas 1973, pp. 66, 123) . In the 1870s they specialized in issuing prospectuses on a series of firms from different industries. Chadwicks' Investment Circular was issued monthly, from 1870 to 1875. They started the journal using their existing client base (of 5,000 investors). There is no doubt that the above-mentioned ideas of diversification reached a wide audience of financial investors, with possible significant impact.
We are now too much alive to our own interests to place our trust in Beeton's Guide to Investing allowed choice from a wide range of countries and types of security and suggested portfolios of from three to five securities, not all equally weighted (Beeton 1870, pp. 26, 54) . 12 Rutterford and Sotiropoulos (2016) . 13 A 'top down' investment strategy starts with the opportunity set of investable securities, in this case global stock markets and, from this to select first the countries in which to invest, then the sectors, then individual securities. This is in contrast to a 'bottom up' approach which selects preferred individual securities without specifically trying to spread risk across countries or sectors. The top-down approach concentrated on global diversification. The implicit but fundamental assumption was that the global financial market was fragmented and, thus, security prices and returns were "dominantly influenced by the trading conditions of the particular country in which they are principally held and dealt in" thus following that country's business cycle (Lowenfeld 1907, p. 61; see also Crozier 1910) . Securities from the same (domestic) market were thought of as more likely to be positively correlated. While diversification was perceived as a "systematic method of averaging risks" (Lowenfeld 1907, p. 61; Hobson 1914, p. 234) or, alternatively, as 14 For an extensive discussion of these issues see Rutterford and Sotiropoulos (2016) . 15 His intervention became so popular that it was presented as such in 1914 to the French financial public by Francois Maury in a pamphlet entitled Le Placement Stable (Maury 1914a (Guebhard 1914) . For other approaches to scientific investment, see Crozier (1910) , May (1912) and Withers (1930) . a method to neutralize and balance risks against each other (Crozier 1910) , in practice it became a method of "geographical distribution of capital." International diversification was thought to offer more beneficial covariances than domestic diversification as it allowed investors to "obtain as great a contrast as is possible in the trade influences which govern each one of his holdings" (Crozier 1910, p. 90) .
The Data
Data on individual portfolios are hard to obtain and scarce even in contemporary research on financial transactions. For the post-1960s period, there are a number of empirical studies of individual (or household) portfolios typically using relatively recent data from surveys, tax returns or brokerage accounts. 16 We use probate records for the period 1870 to 1902. Probate records are records of wealth used for taxation on death. From 1796, legacy duty was levied on moveable property, and the surviving residuary accounts for the assessment of this tax that have survived provide detailed information on an individual's personal wealth at death. 17 The residuary account series in this paper contains information for a sample of 1,446 individuals who died in England and Wales between 1870 and 1902. Although only a small portion of the total actually submitted, the sample itself appears to be reasonably representative of the broader population from which it was drawn. A comparison of the number of accounts for each county with the total number of adult deaths in 1881 confirms that there is no geographical bias in the series (Rutterford et al. 2011, p. 177) . The valuation of personal assets in the probate data was based on the market price that prevailed at the time of probate and is, therefore, an accurate measurement of worth.
The data also refer to individuals who owned sufficient assets at the time of their death to warrant the submission of accounts for the assessment of death duties. Only those individuals who died leaving personal property worth at least £5, or £10 in London, had to file for probate and even those with smaller estates were often exempt from paying death duties. Of the 1,446 individuals in the probate sample, only 507
held financial securities of any type, and it is this sample of 507 that we use in our analysis. We should also bear in mind that any evidence derived from end of life data will have an inevitable age bias towards the elderly.
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Our sample offers good coverage not only of individual financial portfolios but also of all other assets and liabilities at death. For each individual, the dataset contains personal characteristics (age, gender, marital status, and address of residence), as well as gross wealth (gross estate). Gross wealth includes non-financial assets and financial securities. The financial securities were divided in the probate files into seven categories: canals, ships or shares of ships, railway shares, and 'other shares', as well as foreign, colonial and UK government stock. For each security listed, the probate archives reported the name and market value of the security, allowing us to estimate the number of holdings and value of each portfolio, as well as the sector and country to which each holding related. However, detailed information on security type for every non-government security is not always complete. Where details on the security type are missing, we can, in some cases, determine the exact security held, as, for example, when a firm only has ordinary shares as capital or where it states 'debenture' and there is only one type of debenture in the firm's capital. However, this is not always possible. In practice, this means that we cannot use individual security returns and market prices for all securities to estimate overall portfolio performance. About one fourth of the total of 2,316 securities in the portfolios of our sample is unspecified with regard to security type (ordinary share, preferred share, debenture or loan stock); 221 from a total of 507 portfolios are affected by incomplete information as to security type. The larger portfolios of wealthy investors, with more holdings per portfolio, are more affected by missing information. As a result, the complete and incomplete portfolio subsamples do not mirror the full sample. However, given the age profile of the women in the sample, it is likely that most women of that age profile who did marry, did so before the MWPA of 1882, if not before that of 1870.
The average age of death was 63 for men and 67 for women, with an overall average of 65. The average age at death for the sample rose throughout the period from 61 in the first sub-period to 67 in the last sub-period. On average, 67% of investors lived for more than 60 years. Most investors in the sample probably held securities for some time, gradually increasing their investments and/or the number of holdings in their portfolios. The implication for investment is that portfolios may have been held for some time before death.
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[ 19 See also Rutterford et al. (2006) , Maltby and Rutterford (2006) . 20 The MWPA of 1870 did not allow married women to own real estate in their own name. Married women also required their husbands' permission to own assets separately. It was not until the MWPA of 1882 that married women fully acquired the same rights as single women with respect to owning financial assets (Maltby and Rutterford 2006, pp. 115-116) . 21 As discussed in the multivariate regression analysis below, age does not seem to be a decisive factor for men with respect to diversification measures, whereas age is a factor for women. On average, financial assets amounted to around 50% of total wealth but the range varies from almost zero to 100%. The median is higher than 50%, thus the majority of those individuals who chose to hold financial securities as part of their gross wealth invested more than 50% of their total gross wealth in such investments, with real estate the next most important asset. Liabilities 23 represented a relatively small proportion of overall wealth. The majority of investors in our dataset had liabilities representing less than 10% of total gross wealth (the median was 1.5%).
Thus, the difference between gross and net wealth was small for these late nineteenth century investors. 22 Female portfolios averaged £2,981 (£298,000 in 2017) and male portfolios averaged £7,442 (£744,000 in 2017). For further information on gender differences in portfolio values, see Rutterford and Sotiropoulos (2016, p. 296) . The 2017 values were calculated using real prices from 1886 (the median year of death of the sample) on measuringworth.com. 23 For a definition of liabilities, see notes to Table 2 .
Portfolio diversification
In Table 3 , we use two measures to examine the level of diversification of the 507 portfolios in the sample. The simplest, and the most commonly used, measure of diversification is the number of holdings in a portfolio. 24 The underlying assumption is that "the greater the number of issues, the greater the potential for diversification" (Blume et al. 1974, p. 31) . Panel (a) of Table 3 shows that the average number of holdings is 4.56. Thus, the average individual UK investor in our sample held between 4 and 5 different securities. The difference between the mean and the median number of holdings indicates significant positive skewness, suggesting that the majority of investors had portfolios with fewer than 4 holdings. Indeed, the median number of holdings for the sample is 2. The relatively high standard deviation implies high dispersion in the number of holdings in individual portfolios. In our sample, the number of holdings varies between 1 and 91. These findings suggest that a large number of UK portfolios in the late nineteenth century were under-diversified. As we can see from panel (b) of Table 3 , almost 40% of total portfolios included just one security, while almost 80% of portfolios − the great majority − included no more than 5 securities. However, 11% of portfolios included more than 11 securities.
[ registered companies had increased to 3,596 with £147.6 million of nominal capital (Stock Exchange Official Intelligence, London, 1903) . 26 First, these post-1960s US studies are focused on equities and exclude fixed income securities. Victorian stock exchanges, however listed a considerable number of fixed income securities which were an important element of financial portfolios at the time. Second, according to our estimates, UK stock exchange investors in 1901 represented about 1.6% of the total population, with an equivalent figure of 15% for the US in the early 1970s, that is, roughly ten times bigger in relative terms (Rutterford and Sotiropoulos 2017, Table 2 ).
Portfolio concentration and under-diversification
Counting the holdings in a portfolio as a measure of diversification gives equal importance to naively diversified (equally weighted) portfolios and to unbalanced portfolios. Thus we use a second measure of diversification. This is the sum of the squared portfolio weights, or SSPW, the values of which are shown in Table 3 for the various samples of investors. Following Blume et al. (1974) , Blume and Friend (1975) , and Goetzmann and Kumar (2008) , the SSPW is given by the following expression: 
where N is the number of holdings in the portfolio, Nm is the number of securities in the market portfolio, wi is the portfolio weight assigned to security i in the portfolio, wm is the weight assigned to a security in the market portfolio (wm=1/Nm). SSPW thus captures the diversification level of a portfolio by its deviation from the market portfolio. Since the weight of each security in the overall market portfolio is very small, this diversification measure is in practice equal to the sum of the squared portfolio weights. SSPW identifies unbalanced portfolios, capturing the extent to which the value of a portfolio is concentrated in a few securities. For example, a portfolio invested equally in two securities would have an SSPW of 0.5, whereas an unbalanced one invested 90% and 10% in two securities would have an SSPW of 0.82.
A portfolio following Lowenfeld's recommendation for a global, top-down portfolio with ten equal investments, say, would have an SSPW of 0.10. Generally, the lower the SSPW measure, the greater the level of diversification and the closer to the type of naive portfolio diversification recommended by financial advice at that time.
The information in Table 3 Portfolio concentration is reported in Table 4 . The average and the median value of the largest holding and the two largest holdings expressed as the ratio to total portfolio value are given for different deciles of the financial wealth distribution. These two measures capture how concentrated (unbalanced) were the portfolio weights in our sample. The higher the concentration of financial investment in one or two securities, the greater the difference from equal weights. Table 4 Table 4 ; Blume and Friend 1975, p. 589) . So, Victorian investors were overall under-diversified but exhibited similar behavior to that of the US household sector in the second half of the twentieth century.
[ In Table 5 we focus on portfolios with just one or two holdings, representing about 60% of investors in our sample, almost equally distributed by gender. These are mostly less wealthy investors. Due to the extreme polarization of the wealth distribution, the average value of portfolios with one or two securities amounts to only one fifth of the average portfolio value for the whole sample and, thus, this underdiversified 57.8% of investors represents only 11.6% of portfolio investment in total.
The majority of this investment (83%) was domestic, with only 17% invested in overseas securities. This compares with 28% invested overseas by the investors as a whole. Half (50%) of portfolio wealth was invested in UK corporate securities other than railways, with a majority in the form of equity. 27 The preference for UK nonrailway securities in under-diversified portfolios is striking. It may indicate some riskseeking behavior but perhaps also a preference for locally-listed UK firms. Such behavior was notably higher amongst male investors. Female investors preferred placing relatively more in government and railway securities. These findings run contrary to the argument that Victorian investors (as opposed to investment) were biased "towards safe, well-known securities in general, a great number of which were foreign, and away from riskier, smaller, but ultimately from an economy-wide viewpoint, much more profitable ones" (Kennedy 1987, p. 145) . The relatively less wealthy majority of Victorian investors in our sample held under-diversified portfolios but also preferred less safe non-railway UK corporate securities.
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Victorian portfolios across time: sectoral analysis
Given that we have a spread of investor portfolios from 1870 to 1902, our sample allows us to explore variations over time in asset allocation and in portfolio choice.
27 Under-diversified portfolio holdings were split 44.0% corporate (Railways and Other) ordinary or preferred shares and 37.7% fixed interest corporate securities. The remaining 18.4% of corporate security holdings were unspecified. There were no unspecified securities in the government security category. 28 Not all these securities in our dataset were listed. Some may have been issued by unquoted family companies. Geographical proximity engendered trust or informal networks, which may have provided an alternative risk reduction strategy to the more conventional spreading of risk across uncorrelated securities (see ).
Here we focus more on investors as a particular 'sector' in the UK economy and only marginally discuss intra-sectoral variation in financial behavior. In other words, our aim is to explain some general characteristic of Victorian investors as a body separate from other market participants such as banks and different types of institutional investors.
In the first panel of Table 6 we trace diversification measures across four, eight-year sub-periods. We show that, from the late 1880s, there was a significant increase in the average number of securities held. 
[TABLE 6 NEAR HERE]
We now examine how investment in our sample was split internationally between different sector and regional asset categories over time. There are significant differences in the portfolio compositions, as is to be expected given the rapid changes in investment opportunities over the period 1870 to 1902. In the first sub-period, 50.6% of the combined portfolios was invested in government bonds, compared with 23.6% in railways. By the third sub-period, these numbers were reversed, with only 14.3% in government securities and 55.0% in railways; with a second reversal in the fourth sub-period, when British railway securities fell in value, by more than half from 42.0% to 19.2% in our combined sample portfolios. Investment in foreign and colonial government securities was highest in the first sub-period, 1870-1878, 29 Michie 1987 , Rutterford et al. 2011 Improvements in the diversification measures appear linked to the overall improvement in investor wealth (not reported in Table 6 ), as reflected by the increase in the median gross wealth and median financial wealth. See also the regression analysis below.
coinciding with a peak in 1872 of net annual outflows of British savings into foreign assets (Edelstein 1982, p. 29) . There was another peak, less pronounced, in 1890 (ibid.), reflected in Table 6 by the greater percentage investment in colonial government bonds and non-domestic railway securities for the last two sub-periods.
The percentage invested in other corporate sectors was relatively steady during the whole period, ranging between 25.0% and 30.9%, despite the rapid growth in importance of these sectors over time.
For comparison, the importance of these categories on the London Stock Exchange (LSE) for the same sub-periods is also shown in Table 7 . In other words, we follow Goetzmann and Ukhov (2006) Table 7 reports LSE aggregate sectoral market value weights based on BM indices. Unfortunately, detailed data on paid-up capital of the provincial stock exchanges and the LSE unofficial list market do not exist, so we must be cautious when comparing Tables 6 and 7 . As a general rule, however, we know that the LSE was dominated by government and railway securities, while provincial stock exchanges and the LSE's junior market placed relatively more emphasis on local domestic companies (Thomas 1973, p. 114; Hannah 2015) . Given that the investors in our sample did not limit their choices to LSE-listed securities, we would expect their portfolios to be more domestic-biased than aggregate LSE figures.
[ Investors in our sample held more low-risk UK government bonds than the LSE figures in Table 7 would suggest, had they invested in sectors in proportion to market value. However, the standard deviation is very high, indicating substantial variation in risk preferences amongst UK investors. UK government bonds were the mainstay of trustee portfolios and considered relatively risk free. They were also in short supply, 33 representing only 12.0 % by value of the LSE official list compared with 18.8% by value of our sample of portfolios combined. Our investors also held more colonial government stock by value than their importance on the LSE official list suggested. The most striking difference between Tables 6 and 7 is in the importance of non-domestic non-colonial government securities, which in our sample is significantly lower than the LSE market value numbers. On average, 4.8% of the total financial wealth of our sample was invested in foreign government stock, corresponding to an average of 5.4% per portfolio, although with a high variance across investors. These figures are significantly different from the LSE market value weighting which averaged 31.9% over the period. There are a number of possible reasons why investors did not put nearly one third of their financial investment into foreign bonds. First, such bonds, although listed on the LSE, were also sold to overseas investors as well as UK investors. Second, foreign bonds traded at a greater discount to par value than did UK government or colonial bonds (as shown in online Appendix Table A2 ). Given risk aversion, UK investors might prefer to subscribe for 33 The amount of UK government stock in issue fell from the peak of the Napoleonic Wars to the end of the nineteenth century.
and hold UK and empire government securities, which were consistently trading around par, rather than exposing themselves to the risks inherent in the significant market discount to par of foreign government stock. For example, Spanish 4 per cents fell from 70 to 48 between 1895 and 1898. 34 More generally, investors were probably less inclined to hold non-UK government securities 35 than other institutional investors, despite the relatively higher real returns (Edelstein 1982) .
At the same time, while the unweighted average percentage of domestic railways in the individual portfolios in our sample ( Adopting Markowitz's approach to determine the optimal percentages for UK and non-UK railway securities in a portfolio (using fifteen years of historical returns data to estimate risks, returns, and correlation coefficients), Mitchell et al. (2012) found that the optimal percentage in railway securities in a global portfolio for a UK investor was 29.3% between 1884-1886, peaked at 43.8% between 1887-1894, falling to 37.6% between 1895 -1902 (Mitchell et al. 2012 . In our sample, we can see (Table 6 ) that railway shares peaked in the third sub-period but plummeted towards 34 See Lowenfeld (1909, p. 52 ) for a discussion of the risks of buying foreign government bonds. 35 Colonial debt was less liquid but highly prized by banks (Chavaz and Flandreau 2015; Goodhart 1972) . Still, UK investors were relatively more willing to hold it than foreign debt. 36 See online Appendix Table A3 . This result is consistent with recommendations by commentators such as Lowenfeld. For wealthy investors with more than sufficient income, he recommended the safest securities, which he deemed to be railways, municipals, gas and waterworks companies. The higher the yield required, the more the investors should venture into riskier securities, such as preference shares, and possibly ordinary shares (provided no debt). But for those who were happy with a modest yield, railways and infrastructure securities were sufficient. For a more detailed categorisation of investors according to wealth and income and the specific investment strategies for each category, see Lowenfeld (1909, Ch. II) .
the end of the century, when, domestic realized returns in the sector fell considerably (as opposed, for instance, to very high realized returns of world railways, mainly in the US and Latin America, see Edelstein 1982, p. 153) . Thus, the railway share in overall investment in our sample shows a similar trend to the optimal railway exposure calculated by Mitchell et al., both in domestic and non-domestic securities.
Investors in our sample included the highest amount in railways at the very time that it was optimal to do so according to the Markowitz model. Yet, from our sample, this might be due to wealthy investors' preference for domestic railway securities and not to average investor behavior.
Turning to financial sector securities, 11.5% of our sample's portfolio wealth was invested in financial firms (comprising the financial, land and investment; investment trust; and financial sectors 37 ) relative to 5.5% in the LSE. The average weight of financial firms in an individual portfolio was much larger for the whole period at 19.7%. The very high standard deviation indicates high variance in holdings of financial firm securities among Victorian investors. This high variance is explained by the fact that less wealthy investors in the first two quartiles of the gross wealth distribution showed a relatively greater preference for financial sector securities (see online Appendix Table A3 ). Those relying on a buy and hold strategy could also count on high capital gains in relation to par values: initial share subscribers would have seen their securities triple their value for banks and insurance companies (online Appendix Table A2 ).
Infrastructure absorbed almost 10% of the sample's portfolio investment and represented 14.0% of the average portfolio; these figures are higher than the corresponding LSE figure of 3.9%. Indeed, infrastructure has the highest individual sector average investment of 9.2% in our sample after UK government and UK railway securities. This cannot be explained by the real returns, which were on average lower than both (light and heavy) industry and finance (Edelstein 1982 ).
Infrastructure securities were over-represented in provincial stock exchanges in relation to the LSE, hence their actual weight in the overall UK market was higher than for the LSE and probably closer to the number shown in Table 6 . Provincial 37 Investment trusts were means of indirect diversification but their overall capitalization was negligible, being lower that 1% of total LSE capitalization in terms of nominal value in 1902. stock exchanges listed numerous gas, water and electricity companies; shipping companies were a significant part of the Liverpool stock exchange list; and many foreign telegraph companies were listed on both the Liverpool and Manchester stock exchanges (Thomas 1973, p. 120-9) . Differences between London-based and provincial investors as to the attractiveness and availability of infrastructure investments could be a factor in the very high variance between individual portfolios for this sector.
With regard to the remaining aggregated economic sectors reported by the Stock Exchange Official Intelligence, the results in our sample in Table 6 are by and large comparable to the market value LSE figures. However, in all cases, there are significant differences among investor portfolios, as indicated by very high standard deviations. For instance, the average portfolio weight of light industry is considerably higher than the overall share invested in that sector, reflecting high variance among portfolios. The very large variances of portfolio weights for almost all the asset categories of Table 6 invite a multivariate regression analysis to capture the important intra-sector variation.
Variation within Victorian portfolios
This section analyses the intra-sectoral variation of portfolio choices on the basis of investor-level cross-sectional regression analysis. The regression results shown in Table 8 are based on the following equation:
In the first 2 specifications, we use as dependent variables Yi the two diversification proxies defined above: the number of portfolio holdings (model 1) and the sum of squared portfolio weights or SSPW (model 2). In the third specification, the nondomestic portfolio weight is the dependent variable, while the final logit specification has as a dependent variable a dummy, which takes the value of one if the portfolio contains only corporate securities other than railways and is zero otherwise. The list of explanatory variables includes several investor characteristics Xj (age, gender, marital status, gross wealth and London residency 38 ) as well as some proxies for sophistication Zk (foreign dummy, industry concentration and investment trust dummy, in line with relevant studies) that are likely to reflect levels of investor financial sophistication (see Goetzmann and Kumar 2008, p. 453) . Appendix Table   A1 offers a detailed definition of all the variables used in the regressions of Table 8 .
[TABLE 8 NEAR HERE]
As column 1 in Table 8 shows, the number of portfolio holdings (a crude measure of diversification) is related to investor gender and gross wealth. As expected from the previous discussion, these regression results show that wealthy investors held more diversified portfolios. Male investors held on average more securities in their portfolios than did female investors. Neither London investors nor the urban geography of investors appears to affect diversification. With respect to investor characteristics, the wealth effect is the only one that survives in model (2) when we use the SSPW as dependent variable (according to its definition, the SSPW is inversely proportional to diversification, so the negative sign indicates the very same effect:
wealth is positively related to diversified portfolios). This implies that gross wealth was the only decisive factor for balanced diversified portfolios (the gender dummy coefficient is not statistically significant in model 2).
As sophistication proxies we use a foreign dummy, which takes the value of one if the investor holds at least one non-domestic security in the portfolio; an investment trust dummy, which is set to one if an investor includes an investment trust in the portfolio (indirect diversification); and industry concentration, which has been designed to capture the industry tilt (see Goetzmann and Kumar 2008, p. 453; Fama and French 1997) and measures the largest industry weight in the investor's portfolio.
The coefficients for all sophistication proxies are statistically significant in both specifications (1) and (2) at the 1% level and have the expected signs, except for the investment trust dummy in the first specification which is significant at the 10% level.
Investors who were aware of the benefits of (international) diversification held more securities and more balanced portfolios. On the other hand, the negative sign of the industry concentration coefficient in model (1) indicates that investors with large stakes (relative to their portfolio wealth) in a particular firm were more likely to avoid naïve diversification, preferring to hold more concentrated portfolios.
In specification (3) we see that gross wealth is not related to the portion of portfolio wealth invested in overseas securities. However, we also see that residence does affect preference for overseas securities. London residents invested, on average, 15.8% more in non-domestic securities, which means that investors outside London were more attracted by domestic (and probably local) securities. 39 Gender also affects preference for overseas securities. Women had higher non-domestic portfolio weights than men, thus showing greater interest in overseas investments. Also, the higher the portfolio concentration, the lower the non-domestic portfolio weight: unbalanced and security-concentrated portfolios were associated with domestic firms. In the logit specification (4) of Table 8 , we see that portfolios including only securities other than government stock and railways were held by less wealthy investors. Specification (4) also shows that, on average, men and investors outside London were more inclined to hold portfolios with only non-railway corporate securities. Overall, we could assert that less wealthy investors were more willing to take more risk (diversifying less and being more attracted by corporate securities) and investors outside London were relatively more attracted by local corporate listings. These findings are in line with those reported in Table 5 .
[TABLE 9 NEAR HERE] Table 9 categorizes portfolios according to possible combinations of holdings in three broad asset categories: government, railways, and other corporate. The largest group of investors in Table 9 , comprising 35% of the total sample (predominantly less wealthy investors and men), held mostly UK corporate securities other than railways.
At the higher portfolio values, investors held a broader range of securities and diversified internationally. Female investors showed a relatively greater preference for portfolios consisting of only government stock and railway securities compared with men, perhaps because some portfolios were held as trusts, with women, especially widows, more likely to be the beneficiaries. Although trust portfolios could include securities not on the 'permitted investments' list if provided for in the trust deed, it is likely that many trust portfolios in this period confined themselves to certain UK and colonial government and railway bonds.
Of the total of 507 portfolios, two thirds included corporate non-railway securities, and so could not have been trust portfolios limited to permitted investments in the Trustees' Investment Acts. For men and women, the percentage of such portfolios was 72.6% and 59% respectively. However, we cannot say how many, if any, of the 507 portfolios were trust portfolios limited to permitted investments. The use of permitted, relatively safe investments held in trust was seen as a way of keeping risk to acceptable levels. In our sample, 18.5% of investors held only government bonds, and 11.6% only UK government bonds. This can be viewed as an alternative approach to risk reduction when compared with portfolio diversification.
However, as mentioned above, the relatively large group who held only corporate non-railway securities were neither following recommendations for trust portfolios nor recommendations by contemporary commentators to spread risk across a broad range of sectors. The recommendation to hold securities in equal portfolio weights was generally ignored by late Victorian investors, even by wealthy investors. As expected, diversification was related to gross wealth; men held on average more securities than did women, but both held equally unbalanced portfolios. Residents outside London and less wealthy investors were more willing to hold securities of domestic financial firms and industries other than railways. This probably indicates a local preference effect, which is in line with relevant research ). It appears that less wealthy investors were more prepared to buy risky corporate securities, but as Table 6 . Their size is very small in relation to the other asset categories so the comparison between Tables 6 and 7 is not affected. Source : The Bankers' Magazine , several issues.
Conclusions
Notes:
In 1887 the Bankers' Magazine started reporting monthly the market values of the main LSE sectors based on a sample of 338 LSE listed securities representing at that point about 50% of its total capitalization in nominal values. This sample stayed almost the same with very minor changes up to World War I. By the year 1902, the final year in our dataset, the BM sample contained 325 LSE-listed securities representing about the one third of the overall LSE capitalization in terms of nominal values. The securities were carefully selected by the experts of the magazine and we could assume that they offer a representative picture of the trends in LSE market values. More information about the origin of BM indices can be found in Ellis (1888) , from where the pre-1887 figures have been taken (the years 1881-1883 are missing). Many studies have used the BM indices before, most notably Morgan (1952) , Goodhart (1972), and Hannah (2015) . Notes: For the definitions of the different asset categories see notes of Table 6 in the main text. Foreign assets are non-domestic non-colonial assets. The columns report weighted average percentages, that is, % of total investment per wealth band.
Gross wealth quartile Diversification measures
Sectoral composition (%) Table A3 . Diversification indices and cross-sectional distribution of assets (%) by gross wealth quartile.
Source : Probate sample, see the text.
